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Particle Image Ve l o c i m e t e r
Measuring Dust Concentrations on the Moon

National Aeronautics and Space Administration

About the Te c h n o l o g y
To understand the ambient dust environment on
the Moon and ultimately design hard w a re to pro-
tect the human explore rs who may go there, NASA
needs an instrument that measures dust particle
s i z e s, concentra t i o ns, and ve l o c i t i e s. Although sen-
s o rs exist to gather these types of measurements in
t e r restrial applications, they will not work in the
M o o n ’s low-pre s s u re atmosp h e re because they
typically create pre s s u re differe n t i a ls to dire c t
particle-laden airflows into a sensor chamber.

The Goddard Space Flight Center has deve l o p e d
and field-tested a proof-of-concept dus t - f l u x

i nstrument — the Large-Depth of Field Pa r t i c l e
Image Velocimeter (PIV) — that can detect airborne
particles as small as 8 micro ns with signal-to-nois e
ratios of 13 or better.  And with flight-like hard-
w a re, the instrument is expected to detect particles
down to 2 micro ns in size. Ultimately, its deve l o p-
e rs hope to configure the prototype as an astro-
n a u t - d e p l oyable, surface experiment to monitor
the dust environment on the Moon. The technolo-
gy could also be used as an airlock dust monitor to
assess the efficacy of dust mitigation and airlock
“ d ust flush” opera t i o ns.

See reverse side

Using Goddard Internal Research and Development funding, principal investigators carried out a field campaign
in Arizona to demonstrate the Particle Image Velocimeter (PIV), an instrument that measures dust particle
sizes, concentrations, and velocities using a unique optical architecture. The instrument would be ideal for
obtaining similar measurements of lunar dust.
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M e a s u res dust particle sizes, concentra-
t i o ns, and velocities without relying on
particle capture. No other ins t r u m e n t
concept provides all three measure m e n t s.

D e m o ns t rated during a field campaign in
Arizona, during which its deve l o p e rs

a ns w e red most questions about the basic
p h ysics of its unique optical arc h i t e c t u re .

Further improvements expected in the are a
of autonomous instrument algorithms to
e x t ract particle data of interest and pro-
duce manageable data files for downlink.

Benefits of the Technology: At-A-Glance 
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Significance of the
Te c h n o l o g y
NASA has long identified lunar dust as a serious
challenge that must be ove rcome before establish-
ing permanent human outposts on the Moon.
The Moon’s ultra - small dust particles are highly
e l e c t rostatic due to the fact that the Moon is
c h a rged positively on the day-side by way of
p h o t o e m ission and strongly negative on the
night-side due to plasma curre n t s. As a result, the
d ust levitates in all dire c t i o ns and at va r i o us
sp e e d s, adhering to everything with which it
comes into contact. Before developing sp e c i f i c
technologies to mitigate the problem, howeve r,
NASA first must understand the nature of the
d ust phenomenon.

As a consequence, seve ral Centers have identified
d ust characterization as an important area. In
fact, Goddard ’s PIV instrument technology is
d i rectly competing with a Glenn Research Center
technology that operates differe n t l y, but gathers
the same types of measure m e n t s. The Goddard
i nstrument, howeve r, offers an important adva n-
tage. It also measures small particle ve l o c i t y,
which is unique to the PIV technology.

Technology Origins
G o d d a rd technologists demons t rated the origi-
nal proof-of-concept instrument in FY 2006. In
FY 2007, they advanced the technology and
used Goddard Internal Research and
D e velopment (IRAD) funding to carry out a field
campaign in Arizona, answering most of the
q u e s t i o ns re g a rding the basic physics of the
i ns t r u m e n t ’s unique optical arc h i t e c t u re. During
that demons t ration, the instrument team
a c q u i red 14 sets of data from naturally occur-
ring dust events and showed that it could
detect particles as small as 8 micro ns.

Looking Ahead
To obtain images needed to determine particle
count, shape, size, and ve l o c i t y, the ins t r u m e n t
g e n e rates about 4 gigabytes of data for eve r y
3-1/2 minutes of operation. It is highly unlikely
that a planetary lander would be able to down-
link such large data sets. With current IRAD
funding, instrument deve l o p e rs are concentra t i n g
on creating an algorithm that can autonomousl y
i d e n t i f y, measure, and track the dust particle
s i g n a ls measured by the PIV. The aim is to
significantly reduce the amount of data that the
sp a c e c raft instrument would downlink. Efforts
a lso are continuing to further mature the dus t
technology so that it wins a flight opportunity
on a future lunar or Mars lander.

During the field campaign, the PIV instrument took
these images showing that it could detect and image
dust particles as small as 8 microns. Dust particles
on the Moon (inset) also are ultra-small. They also
are sharply barbed.
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